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Summary

It is well known that organotm (OT) compounds, which are used as effectlve antifouling
biocides, have deleterious effects on nontarget marine organisms when released into water
from the coatings applied to boat hulls, and environmental studies have indicated OT
contamination of the marine environment on a worldwide "scale. In October 2001, the
International Maritime Organization (IMO) adopted the International Convention on the Control
of Harmful Antifouling Systems (AFS Convention), which prohibited the use of OTs as active
ingredients in antifouling systems for ships. Following the international restrictions on the use
of OT-based antifoulants, paint manufactures have developed many alternative products. In
Japan, more than 20 chemical substances have been used or proposed as alternatlve
compounds.

In the present study, Sea-nine211, KH101, Diuron, Irgarol 1051 and the latter’s degradatlon
product M1 were mvestlgated in water from Hiroshima Bay. .

‘Concentrations of Sea-nine211, Diuron, Irgarol 1051 and M1 in water samples were in the
range of <0.023~0.10ug/¢2, <0.040~0.43 ug/2, <0.092 ug/¢, <0.031~1.3 ug/2, respec-
tively. KH101 was not detected in the water samples.

Key words: Antifoulant, Irgarol, M1, Diuron
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Wi, BEMUEELC-10AD 2l L. EER UG
Wi DOBEE % Table 1 -1 & Table 1 -2 ™|Z7R T,

F-EEBERURAR (IDL) & aEmEBRA (MDL)
D P E L, Trgarol, M1IZ ik H AT FEE AUTOMASS-
SUN200%, Diuron (2% H 32 #/EFT # EZChrom ELITE

Table 1-1 HPLC conditions (Irgarol, M1, Diuron)
HPLC EZChrom ELITE(HITACHI)

TSK-GEL OCTADECYL-2PW
(6. Ommi. d. X 150mm) (TOSHO)

Column

Mobile phase (4):(B) 20:80—70:30
(A)Acetonitrile

(B)water (0. 05mol KH,PO, pH3.1)

1mé/min
40°C

Flow rate

Oven temp.

Injection vol. 20u £

Detector = Diode Array Detector L-2450
Irgarol:225nm, M1:240nm

Diuron:250nm
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%, Sea-nine21l, KHI0LIZi%, BES/ERTH LC-10AD

% L72c AUTOMASS-SUN200D 74T &t DIt E %

Table 1 -3 127",

2. 3 AMMENREER
WMEGARE, EWEE 1 ug/e DBREIER L

Table 1-2 HPLC conditions (Sea-nine211, KH101)

HPLC LC—10AD (SHIMADZU)

Column 0DS-3 (4. 6mmi. d. X 250mm)

(GL Science)

Mobile phase Acetonitrile:water:IPC-TBA-P

(65:34:1)
Flow rate 1mé/min
Oven temp. 50°C

Injection vol. 20pu 4

Detector ~ SPD-M10A (220nm)

IPC-TBA-P:Tetrabutylammonium Phosphate

(0. 5mol/£ water soln.)

Table 1-3 GC/MS conditions (Irgarol, M1)

GC | Agilent 6890 Series GC System
DB—5ms (J&W)
(0. 25mmi. d. X30m, 0. 25 u m)

Column

Oven temp. - 60°C (1min) —20°C/min—200°C
—5°C/min—280°C (6min)

Flow rate He, Im¢/min

Splitless(purge time lmin)

Injection temp.  250°C
Injection vol. 2ud
MS Automass SUN200 (JEOL)
Interface temp. 250°C
Source temp. 250°C

Ionization energy 70eV

PM voltage 550V
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ESP : Environmental Standard Point

Fig. 1 Survey points
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Fig. 2 Structures of antifouling compound
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Table 2 Summary of survey points

s int Grid reference ‘ 2004.05. 24 2004, 08. 24 200.4.11.29(12.17) 2005. 03. 01
urvey poin
latitude N. longitude E p H Temp. °C p H Temp. °C p H Temp. °C p H Temp. °C
9.1 22.0 8.0 28.5 11 16.5 8.0 10.0
D—a 34> 20" 58" 132° 20" 57"
8.5 17.5 7.8 26.5 1.9 11.5 8.1 12.0
9.1 21.5 1.9 21.5 1.8 16.0 8.1 10.5
®D—b 34 21" 02" 132° 21’ 09" -
8.5 11.5 7.8 21.0 1.9 11.0 8.1 11.0
9.1 20.0 8.2 21.5 1.9 16.5 8.0 i0.0
D—c 34° 21 05" 132° 21" 16"
8.5 17.0 7.8 26.5 1.9 17.5 8.1 1.5
9.2 22.0 8.1 28.0 1.9 " 16.5 8.1 10.0
@—a 34° 21" 23" 132° 21° 59" -
8.5 17.0 7.8 21.0 1.9 17.0 8.1 11.0
: 9.1 21.5 8.1 28.0 1.9 17.0 8.1 10.0
@—b 21 18" 132° 21" 59”
: 8.6 1.5 1.9 26.5 7.9 17.5 8.1 11.5
9.2 22.0 8.1 28.5 8.0 12.0 8.1 10.0
@—c 34 21 15" 132° 21" 51"
8.6 1.0 7.8 26.5 8.0 1.5 8.1 11.5
, 9.2 21.5 8.1 21.5 1.9 16.5 8.1 10.0
@-d 34 21" 19" 132° 22" 0%’
8.5 17.0 1.9 26.0 8.0 1.0 8.1 11.5
8.9 21.0 7.9 28.0 1.9 18.5 8.1 11.0
@—a 34 21 19" 132° 25" 04"
8.6 17.0 1.1 25.5 8.0 20.0 8.1 11.5
: 9.0 20.5 8.0 28.0 1.9 18.5 8.1 1.0
®@—b w21 15" 132° 25" 03"
8.6 17.0 1.7 25.0 8.0 20.0 8.1 1.5
9.0 20.0 7.9 28.0 8.0 18.5 8.1 1.0
®@—c 3 21 12" 132° 25° 00"
8.5 1.0 7.1 25.5 8.0 20.0 8.1 1.5
8.9 19.0° 1.8 26.5 8.0 11.5 8.1 11.0
@ 340 20' 42" 132° 25° 30"
8.5 5.5 1.7 25.0 8.0 19.0 8.1 11.0
Upper : surface Lower : bottom
Table 2 continued
. Grid reference : 2004. 05. 24 2004.08. 24 200.4.11.29(12.17) 2005. 03. 01
Survey point -
latitude N. longitude E p H Temp. °C p H Temp. °C p H Temp. °C p H Temp. °C
9.0 19.5 8.0 26.5 1.9 18.5 8.0 9.5
®—a 34° 20' 56" 132° 27’ 48"
8.6 . 110 1.8 26.0 8.0 19.5 8.0 11.0
9.0 19.0 7.9 26.5 7.9 18.5 8.0 10.0
®—b 34° 200 53" 132° 21 48"
. : 8.4 16.5 7.6 25.5 8.0 19.5 8.0 11.5
9.1 19.0 8.0 26.5 8.0 . 18.5 8.0 10.0
®—c 34° 20" 53" 132° 27" 54"
8.3 1.0 7.6 24.5 8.0 19.5 8.0 11.0
- 8.9 20.5 - 7.9 21.5 1.9 18.5 8.0 11.0
® 34° 20" 48" 132° 29’ 24"
: 8.5 16.0 7.6 25.0 8.0 19.5 8.0 11.0
8.7 21.5 7.9 28.5 1.9 18.5 8.0 10.5
@ 34 21 12" 132° 31" 00"
8.4 16.0 1.6 25.0 8.0 19.0 8.0 1.5
9.0 21.5 8.0 21.0 7.9 18.0 8.1 10.5
34° 200 28" 132° 29" 23" -
8.5 16.0 1.6 24.5 8.0 19.0 8.1 11.0
: 9.0 21.5 8.1 28.0 8.0 19.0 8.1 . 11.0
(©) 34 21" 34" 132° 24’ .05
8.5 16.5 1.1 25.0 8.0 20.0 8.1 1.5
1.3 18.0 - 8.0 24.0 1.6 15.5 1.3 1.0
@ — —— . — — —— — . —— —
1.1 18.0 1.8 25.5 1.1 14.0 1.5 1.5
@ —_— — —— — — — — —
2.8 18.0 1.6 24.0 1.6 14.0 1.3 6.5
@ — — —— — —— — -— [—
Upper : surface Lower : bottom
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89,
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5 IEBVWT, RIENEFRIRECZoTEY, K
BETFTHEIZEEENTVRWI B9 5,
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Fig. 3 . Detailed locations for sampling seawater at several stations
A: station® B: station® C: station @ and @
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Table 3 Analysis result

(ue/l)
Survey 2004.05.24 2004.08.24 2004.11.2901247) 2005.03.01
Sea- Sea- Sea- Sea-
point Irgarol Mt Diuron ez 1 KH10% Irgarol M1 Diuron ninéZH KH101 Irgarol M1 Diuron sina2i1 K101 Irgarol M1 Diuron nine21 4 KH101
ND ND 0.43 ND ND ND ND 020 0.03% ND ND ND 013 ND ND ND ND 0079 ND ND
O-e ND . ND ND ND ND ND ND 0.088 ND ND ND ND ND ND ND ND ND ND 0.034 ND
ND ND 033 ND ND ND ND 0.15 0.048 ND ND ND 0.092 ND ND ND ND 0.063 ND ND
o-v ND ND ND ND ND ND ND 0,11 ND ND ND ND ND ND ND ND ND ND 0,080 ND
ND ND 0,069 ND ND ND 038 018 0.074 ND ND ND 0,051 ND ND ND ND 0077 ND ND
®-e ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.10 ND
ND ND 0.26 ND ND ND 13 0.10 0.079 ND ND ND 0.055 ND ND ND ND 0,042 ND ND
@-= ND ND 0.089 ND ND ND ND 0.057 ND ND ND ND ND ND ND ND ND 0,045 0,029 ND
ND ND 033 ND ND ND 0.001 o0.18 0,092 ND ND ND ND ND ND ND ND ND ND ND
@ NO ND ND ND ND ND ND 0.09¢ ND ND ND ND . 0.050 ND ND ND ND ND .10 ND
ND ND 0.43 ND ND ND ND 012 0.047 ND ND ND ND ND ND ND ND 0.048 ND ND
@-e ND ND ND ND ND ND ND 0,064 ND ND ND ND ND ND ND ND ND ND 0.046 NO
ND ND ND ND ND ND 0.030 013 0.090 ND ND ND 0.044 ND ND ND ND ND- ND ND
@~ ND ND 0.081 n | N ND ND 014 ND ND ND ND ND ND ND ND ND ND 0.023 ND
ND ND ND ND ND ND ND 0.21 0.059 ND ND ND 0.10 ND ND ND ND ND ND ND
@~ ND ND ND ND ND ND ND 0.082 ND ND ND ND ND ND ND ND ND ND 0,097 ND
ND ND ND ND ND NO ND 0.14 0.078 ND ND ND 0.10 ND ND ND ND ND ND ND
@-v ND ND ND ND ND ND ND 0,087 ND ND ND ND ND ND ND ND ND . ND 0.029 ND
ND ND ND ND ND ND 0,032 0.089 0.059 ND ND ND ND ND ND . ND ND ND ND ND
@-e ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0,033 ND
ND ND ND ND ND ND 0,051 0.051 ND ND ND NP ND ND ND ND ND ND ND ND
® ND ND 017 ND ND ND ND 0.043 ND ND ' ND ND ND ND ND ND ND ND ND ND
Upper : surface Lower : bottom  ND : means not detected
Table 3 continued
(ue/)
Survey 2004,05.24 2004.08.24 200.4.11.25(¢2.17) 2005.03.0%
Sea~ Sea— Sea- Sea~
point Irgarol M1 Diuron nine2it KH101 Irgarol M1 Diuron sine2it KH101 Irgaro! Mt Diuron aine21 1 KH101 Irgaral M1 Diuron nina211 KH101
ND ND 0.22 ND. ND ND ND 022 ND ND ND ND 0.10 ND ND ND ND 0.054 ND ND
®-e ND ND 0.14 ND - ND ND 0.091 ND - ND ND ND ND - ND ND ND 0.036 —
ND ND 0.16 ND ND ND ND 0.24 ND ND ND ND 033 ND ND ND NO 0065 ND ND
®-v ND ND 0.094 ND - ND ND 0.20 ND —_ ND ND ND ND —_ ND ND ND 0.028 -
ND ND 0.18 ND ND ND . ND 0.18 ND ND ND ND 0,087 ND ND ND ND 0.046 ND ND
®-e Nb ND 0,095 ND - ND ND 012 ND - ND ND ND ND - ND ND NOD 0.067 -
ND ND 0.10 ND ND ND _ ND 0.086 ND ND ND ND ND © ND ND ND ND ND 0.025 ND
@ ND ND 010 ND - ND ND 0,067 ND _ ND ND ND ND - ND ND ND 0.035 -
ND ND 0.10 ND ND ND ND 0.14 0,033 ND ND ND ND 0027 ND ND ND ND ND ND
@ ND - ND ND ND - ND ND 0.12 ND - ND ND ND ND - ND ND ND 0.085 it
ND ND 0.15 ND ND ND ND 0.074 0032 ND ND ND 0.058 ND ND ND ND ND ND ND
® NO ND ND ND - ND ND o.18 ND - ND ND ND ND - ND ND ND 0.06% -
ND ND 0147 ND ND ND 0.060 0.059 ND ND ND ND ND ND ND ND ND ND 0.052 ND
® ND ND ND ND - ND ND 0.045 ND - ND ND ND ND —_ ND ND ND ND~ bt
® ND ND ND ND —_ ND ND ND ND - ND ND ND ND - ND ND ND ND -
—_ - - - - ND ND ND ND - ND ND ND ND - ND ND ND ND -
(7] — — — — — — — — ~
-_ — —_ - - ND ND ND ND - ND ND ND ND - ND ND ND ND -
(] — — — — — — — — — — — — — — — — — — — —
Upper : surface Lower : bottom  ND : means not detected
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HEEIOK 7, Sea-nine21l, KH101, Diuron 25KET
Hhy, —EOBERI Zpt BE ii’L’CW%?}_}E’CZ%oto
SMRARDOHA Y DH BN KA >~ b T, 2003EREIZ—
Irgarol ZIRH L CTWA DL, AHUARICIE, Irgarol 0))\’3
TBHEBLILDLVDEEZONS,

WRHEFEDOZH - 72 Diuron 122WT, MEOKMHED
TR THBL L, RELITTIEET.2%, E100%,
Fk61.1%, £44.4% L%, RE - TEADLELLEL
<55.5%, 94.4%, 33.3%, 25.0% & 7257 WTFND
BELEE, FE BF LFZ0METE,Po, F2,
Wfﬂ@éﬁkkwf%%ﬁmﬁ#@ﬁﬁﬁ ol

NSO LR, HKBOENIZ L HBERS OB
ﬁﬁwﬁm%ﬁl@ DEEZLNBED, BIBLILD
i, BBHICREESENC LEELLE, ETRAD
HE DTNV, BESELRVREELEL
TolbEzZHN5b,

Sea-nine2l 1MW EIIZLZE, BFE, KEOIETH,
FNEN50.0%, 33.3%, 5.5% &b, FEFIZIIBRE
ENd o720 Sea-nine2ll D4, Diuron &IiTELRD,
BREARBOATHRHEIN, LFRIEFLAENFTETHR
Hahi,

4. 2. 2 BWEEMSAORERICOVT

FEABOBER 1T o 72, 20024 5 & 20045 12 B 1T
%, H#WEHBETORME (Diuron) %< 55 &,
FolzdRELikhoziMlloE sk &, ik, <

0.3 B surface
0.25 M bottom

0.1 —
0.05 {1t

@@@@@@

CO00R2Q0R2000

-a-b-¢c-a-b-c-d-a-b-d=a-b-c (survey point)

Fig. 4-1 2004.05.24 Diuron

(ue/d)
0.5
0.45
0.4
0.35

03 surface

1025
0.2 Ebottom

0.15
0.1
il

1
OWMﬂnWTTﬂ Linmimi
POOOPRPRROOBGBOB®OGDO

-a-b-c-a-b~-c~d-a-b-~d-a-b-c (surveypolnt)

Fig. 4-3 2004.11.29 (12.17) Diuron

B Vol16, No.2 [2006]

V—F, Fyv o, BERXELIOTRTT, REENEL
LAHERE oI, DT LI, BE, BEBERESDOE
Ko TBT PR EN B okl b bEZEHES
&, FERAZIBNOREPEATHWEDEZZ LN
%o

RO BEERNEED o7 O IE2004EEAETBIECH
75.0% T, 2EFD2/ULE R o7, AL, &
# A 7%58.3%, B A$56.2%, i DAS37.5% TH o
720

REAES AR, 2002FEERECIHEROKREN 1 E
T12.5% DRIBETH o 7278, 2 415 D2004EFE Tk
3HEM3T.5% & e ole ZOMOBELESL, VTR
$50.0% TH o720
RBEESIZBT 2 MHEOKRBERBEME
HOWMARKERLTWAEDDEEZ LN,
4. 2. 3 Diuron DEENZDWNT

004 E0FE B, f#, LIBT3, EBELTROME
2Figd-1~4-412F D DT AZ B
T, RBOFFEVEME o2, i, EBETED
BEENKEDP 0 BRIBVTEE THo/0 TR
b, MEEICLVSAERBEEZERLTCWEIEERE
EzoHN5b,
004EEDRBOEIZOVWTATARL E, ZLOFI
1H5b00, BIEE, EF, KE LFOMTH
Doz (Fig.5-1)0 BEFIREBEN Do 2BAI21E,

, THRDE

(ne/0)
0.5

0.4
035 |-
002 g B surface

b. 2 Bbottom
0.15

0.1
0.05

0

@@@@@CD@

~a=b=-¢c-a~-b-c~-d-a-b-d=-a-b-c (survey point)

Fig. 4-2 2004.08. 24 Diuron

(ue/)
0.5
0.45
04
0.35

03 [ surface

0.25
0.2 W bottom

0.15
0.1 0 -
0.8 I i

PO0PRPR000000RPO®OO
~a-b~c-a~b-c-d~a-b-d-a-b-c (survey pomt)

Fig. 4-4 2005.03.01 Diuron
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EENFRLEWEL 572 Diuron D TE (Fig.5-2),
Sea-nine211, M1iZ2\W T, %O)J: ) BRI A B
Lirole

T2 EADTVL Yy —FR— Mo EPMERL T3, i
BEA, B, CHPEWVWEEZRL, HADTELITIZFEAY
EA L TV BRIV Wil D AR WEE 2o 72,

BWEERRLAEEA, B, CT, SHCHER(R
DFHFFENERmE R o7 Fig.5-1)0

<) =i, FEOTHEI EREELELZoTEBY, B
B OWEKEBELR T RoTWBEDIZ, Moz
HARTHHESEL Bozdb D e Bbh b,

5. £&&

SEMOPMEDHE, AEWED S  Igarol, MI,
Diuron, Sea-nine211%# L7z, KHI01iZ, $-XThH#
BT EN P72,

I EHLNTWD KHIOIPHRIB E e o 72D, il
DB LR THERRNDIZ, FRERYER->T
Wil EEZ 5N 5,

Diuron O #H# X, 32.9% (2002), 50.0% (2003),
52.0% (2004) L E 4L 72, Sea-nine21lid, 2003%F

ENrSLOFRETH 72708, EEF 2 BOBME)S, BE
ZIE21.5%ZEEM L 7o D EDS, BEIIIEND D
DHHLEILND,
(ue/8)
05
0.45
04
0.35 W 2004.05.24
0.3 2004.08.24
0022 ©2004.11.29
015 I [12005.03.01
0.1
005 M
0

G)G)(D@@@@@@@@@@@@@@@

“abgc-a-b-c-d-a-b-d-a-b-c (survey pomt)

Fig. 5-1 2004. Diuron (surface)

(ue/)
0.25

0.2

surface
@bottom

@ (survey point)

@b ®@r-a ©Gra

Fig. 6-1 2002.07.30 Diuron

LT ORED, EEv) —FTEL, EEHOBEE
HER TR/ 8, T@NITRBEREN o7
ZENG, BEREREETY—FEELILNT,

Diuron 22V Cid, Fig.6-1, Fig.6-212bRT LD
12, REBFTE L) IBWEMCKIROE VLI RE

B e HEMDPRES D & o iz,

REMERHRN, HEA XK OENEREERICE
TRESINFRINIZ LD, I0EREOFHHIC X
D, LEEEILBOPZ ) OIS THEEIHER SN, b
Ebl, BRAXFOHENE  BREECERETF-> CHF
FESE LD bDOTH S, IMESIZ LB v = SR
BEADFEOMIE®IZ I E, TBTO DS EL S
10ng/27%: D25t L, Seanine2llid 1fg/etz->THBY,
Sea-nine2l LT H A XLEW L 0 b BENTHOERE
o Twb, SEHOFEFKETI, Seanine2llidtH=
PEMERCH A E LB, BEEEELD LITINIC
BOLEEIBRBEINTVWLIOT, SV omEL S
O THE L AF > TITKLENHBZ L EZ NS,

E

AR, 2002~20044F B 5 BT AW 7R ET O SR A HF
FRO—BRELTHER L. 378EICb, Y7
Y FETERARICHB IR W B RE A ATITIEL
B LT,

(ue/8)
05
0.45
04
0.35 W 2004.05.24
0.3 #12004.08.24
0-022 B12004.11.29
045 i £12005.03.01

i

POOPPIDIPOOOHBAABD
ah<cabc-d-ab-d-ab-c (surveypoint)

Fig. 5-2 2004 Diuron (bottom)

(ue/)
0.25
2002.07.30
B52002.10,10
E12002.12.24
[02003.03.11

G- @ (survey point)
Fig. 6-2 2002 Diuron surface
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EHWHEROT——%2F LD DIIH2Y, BEEA
[E BT RMKEREL Y ¥ —0OAMRETERERHEZ I
B, HEDOF LI, BERRERLITHEELT W2,
MEZEDTBILRELHITE T,

2B

R EBAOMBERE LTRERAVWLONTER
TBT 0 EHKA XHIL, KEERRIINT HEHEE
WERESNK, BRPEICB T, 1974 L% TBT &4
BHOBEN P IES N,

=75, FRID B REMEREH R P THEbR
B LR, BARNDERBERTHAESERVPRE SN

BOTV 5, MR TIE, 2002FEE2 6 3EMILEE

D<) —F, ik, EHORREESROTIINIE

VT, REBIRER A O % A L 7.
FORER, <V —F, B, EROBELEEOMK
% b Irgarol, M1 (Irgarol ® 4 %% %), Diuron, Sea-
nine2l 1AMRE S M, K BEILE T b ABARERHANS
INBERENTVWLZEFHLhER T,
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